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(54) Pharmaceutical colloidal hydrosols for injection 

(57) A colloidal hydrosol of a pharmacologically active agent in an intravenously acceptable a ^*^ be 
iyophilised to leave a residue which can be resuspended in an aqueous medium to restore to the hydrosol form. 

The hydrosol contains solid colloidal particles of active agent e.g. ol an anti-hypertensive dthydropyndine, a 
cyclosporin, or a steroid. 
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HYDROSOLS OF PHARMACOLOGICALLY ACTIVE AGENTS AND THEIR PHARMACEUTICAL 

COMPOSITIONS COMPRISING THEM 

This invention relates to hydrosols of pharmacologically active 
agents, suspended or re-suspendable in. an aqueous medium. 

Hydrosols have been generally known for a long time. Their solid 

particles have diameters in the nanometer range, varying from about 1 

_q -4 ' 

nanometer (=10; meter) to about 10,000 nanometer (= 10 micro- 
meter), preferably to 1 micrometer. 

They can be made visible using the Tyndallef feet . 

The invention relates especially to a hydrosol of a pharmacologically, 
active agent in an intraveniously applicable, stabilized pharmaceu- 
tical!^ acceptable form, which form is suspended or is re-suspendable 
in an aqueous medium and is characterised in that the hydrosol com- 
prises solid particles of the active substance. 

Hydrosols in an intravenously applicable pharmaceutical composition 
form have been proposed in the UK Patent Specification No. 1,516,348. 
Their particles are suitably modified and have an appropriate diameter 
in the nanometer range and aqueous suspensions thereof can be injected 
through a needle and on administration are taken up inthe blood circu- 
lation. The suspended particles are sufficiently small to flow through 
blood vessels. They are also stabilized to avoid aggregation. 



The particles described in the above-mentioned UK Patent Specification 
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are colloid nanopar tides. Their colloid material is cross-linked, 
e.g. cross-linked gelatine or a cross-linked cellulose derivative. The 
colloid particles clearly contain a water soluble or water-insoluble 
pharmacologically. active agent in molecular distribution since during 
their preparation, the dissolved active agent is not allowed to preci- 
pitate (p. 5, 1.121 - p.6 1.10). 

After administration as a suspension the pharmacologically active 
agent is released from the nanoparticles at a slow rate. 

The invention provides in particular a hydrosol of solid active agent 
particles in such a form which, when in water suspended and admini- 
stered, behaves, regarding pharmacological activity, as an injectable 
solution. 

If pharmacologically analysed in the blood plasma, the pharmacological 
compound is detectable from a hydrosol of the present invention as soon 
as from an administered conventional injectable solution. 

Hitherto it was never proposed to use pharmacologically active agent 
particles in an aqueous hydrosol form for intravenous injection pur- 
poses. 

The active agent hydrosol particles of the invention preferably have 
an average statistical diameter of between 1 micrometer, especially* 
between 0.5 micrometer and 1 nanometer. 

Active agents for the hydrosols of the invention have preferably a 
water solubility of below 0.5 g/100 ml, especially below 0.1 g/100 ml 
at room temperature. 

Active agents in this solubility range are e.g. dihydropyridines, 
especially those having the structure of a 4-aryl-l ,4-dihydro-2,6- 
dialkyl-3, 5-pyridine dicarboxyl ester, e.g. Isradipine = isopropyl 
methyl-4-(2, l,3-benzoxadiazol-4-yl)-l,4-dihydro-2,6-dimethyl-3,5-pyri- 
dine carboxylate or Darodipine = die thyl-4-(2 , 1 ,3-benzoxadiazol-4-yl)- 
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1, 4-dihydro-2,6-diinethyl-3,5-pyridine dicarboxylate. 

Darodipine and Isradipine are e.g. known from the european patent 
specifciation No. 150 and the UK patent specification No. 2,037,766 
respectively. 

The dihydropyridines are calcium antagonists and are particularly used 
as anti-hypertensives and for the treatment of Angina pectoris. 

For their use as anti-hypertensives e.g. up to 250 mg preferably up to 
200 mg, especially up to about 50 to 100 mg Darodipine and up to 50 
mg, preferably up to 25 mg e.g. 5 to 20 mg Isradipine are administered 
orally a day, e.g. 2.5 mg Isradipine twice a day. They can also be 
administered intravenously, e.g. from 0.5 to 2 mg over 30 minutes, 
e.g. in the case of Isradipine. 

Other active substances in the mentioned solubility range include 
cyclosporins, especially Cyclosporin A, having a water solubility of 
below 0.004 g/100 ml or Proquazone = l-isopropyl-7-methyl-4-phenyl- 
-2(lH)-quinazolone, having a water solubility of below 0.1 g/100 ml. 

Further examples of compounds in the low water solubility range are 
steroids. 

The cyclosporins comprise a class of structurally distinct, cyclic, 
poly-N-methylated undecapeptides having valuable pharmacological, 
in particular immunosuppressive, ant i- inflammatory and anti-parasitic, 
in particular anti-protozoal activity. The first of the cyclosporins 
to be isolated and the "parent" compound of the class, is the natural- 
ly occurring fungal metabolite cyclosporin, also known as cyclosporin 
A, the production and properties of which are described e.g. in US 
Patent No. 4,117,118. 

Since the original discovery of Cyclosporin a wide variety of 
naturally occurring cyclosporins have been isolated and identified and 
many further non-natural cyclosporins have been prepared by synthetic 
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or semi-synthetic means or by the application of modified culture 
techniques. The class comprised by the cyclosporins is thus now sub- 
stantial and includes, for example, the naturally occurring cyclos- 
porins (Thr 2 )-, (Val 2 )- and (Nva 2 )- Cyclosporin (also known as cyclos- 
porins C, D and G respectively), as well as various semi-synthetic 
derivatives thereof, such as their dihydro deriviatives (e.g. as 
disclosed in US Patents Nos. 4,108,985; 4,210,581 and 4,220,641) 
including e.g. (Dihydro-HeBmt 1 )-(Val 2 )-Cyclosporin (also known as 
dihydrocyclosporin D) and other natural and artificial cyclosporins 
such as those disclosed in European Patent Publication NO. 0,058,134 
Bl, for example [ (D)-Ser 8 J-Cyclosporin; UK Patent Application No. 
2,115,936 A, for example lO-Acetyl-(D)-Ser 8 J-Cyclosporin; and European 
Patent Application No. 86810112.2, for example [Val] 2 -((D)Methylthio- 
Ser] - and [Dihydro-MeBmt J^fValJ^KDJ-Methylthio-Sar J 3 -Cyclosporin. 

[In accordance with now conventional nomenclature for the cyclos- 
porins, these are defined herein by reference to the structure of 
Cyclosporin (i.e. cyclosporin A). This is done by first indicating 
those residues in the molecule which differ from those present in 
Cyclosporin and then applying the term "Cyclosporin" to characterise 
the remaining residues which are identical to those present in 
Cyclosporin. Cyclosporin has the formula I 



-A-B-Sar-MeLeu-Val-MeLeu-Ala-(D)Ala-MeLeu-MeUu-MeValr 
1 2 3 4 5 6 7 8 9 10 11 



(I) 



wherein A represents the [N-methyl-(4R)-4-but-2E-en-l-yl-4-methyl-(L)- 
threonylj residue of formula II 



- 5 - 



100-6988 /UK 



HO (R) CH 



(ID 



n-ch~co- 



(S) 



which residue is abbreviated as -MeBmt- and in which -x-y- is -CH=GH- 

(trans), B is the alpha-aminobutyric acid residue, abbreviated as 

2 

-alphaAbu-. Accordingly (Thr ) -Cycloserine {Cyclosporin C) is the 

compound of formula I, wherein A has the meaning given above and 8 is 

1 2 

-Thr- f and (Dihydro-HeBmt )-(Val )-Cyclosporin (Dihydrocyclosporin D) 
is the compound of formula I, wherein A represents the -dihydro-MeBmt- 
residue of formula II above in which x-y- is -Ct^-Cl^-, and B is 
Val-]. 



As the "parent" compound of the class. Cyclosporin has so far received 
the most attention. The primary area of clinical investigation for 
Cyclosporin has been as an immunosuppressive agent, in particular in 
relation to its application to recipients of organ transplants, e.g. 
heart, lung, combined heart-lung, liver, kidney, pancreatic, bone- 
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marrow, skin and corneal transplants and, in particular, allogenic 
organ transplants. In this field Cyclosporin has achieved a remarkable 
success and reputation and is now commercially available and widely 
employed in clinic. 

At the same time, applicability of Cyclosporin to various autoimmune 
diseases and to inflammatory conditions, in particular inflammatory 
conditions with an aetiology including an autoimmune component such as 
arthritis (for example rheumatoid arthritis, arthritis chronica pro- 
grediente and arthritis deformans) and rheumatic diseases, has been 
intensive and reports and results in vitro, in animal models and in 
clinical trials are wide-spread in the literature. Specific auto- 
immune diseases for which Cyclosporin therapy has been proposed or 
applied include, autoimmune hematological disorders (including, e.g. 
hemolytic anaemia, aplastic anaemia, pure red cell anaemia and 
idiopathic thrombocytopaenia) , systemic lupus erythematosus, poly- 
chondritis, sclerodoma, Wegener granulamatosis, dermatomyosi tis, 
chronic active hepatitis, myasthenia gravis, psoriasis, Steven-Johnson 
syndrome, idiopathic sprue, autoimmune inflammatory bowel disease 
(including e.g. ulcerative colitis and Crohn's disease) endocrine 
opthalmopathy , Graves disease, sarcoidosis, multiple sclerosis, 
primary billiary cirrhosis, primary juvenile diabetes (diabetes 
mellitus type I), uveitis (anterior and posterior) , interstitial lung 
fibrosis, psoriatic arthritis and glomerulonephritis (with and without 
nephrotic syndrome, e.g. including idiopathic nephrotic syndrome or 
minimal change nephropathy). 

A further area of investigation has been potential applicability as an 
anti-parasitic, in particular anti-protozoal agent, with possible uses 
suggested including treatment of malaria, coccidiomycosis and schisto- 
somiasis. 

Other cyclosporins exhibit the same overall pharmacological utility as 
Cyclosporin and various proposals for application, in particular in 
one or other of the above identified indications, are prevelant in the 
literature, e.g. when cyclosporin is not well tolerated, e.g. because 
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of hepatoxicity or nephrotoxicity in certain patients. 

Cyclosporin is especially useful in the field of transplant surgery 
and of autoimmune diseases where it is administered orally in amounts 
of about 50 to about 900 mg, preferably in divided amounts, 2 to 4 
tiroes a day, of dosaige units of 12 to 450 mg. It can also be admini- 
stered intravenously e.g. from 225 to 375 mg per day, using a 1:20 to 
1:100 aqueous dilution of a' concentration in ampoules which contain 1 
or 5 ml of a solution which contains 50 mg Cyclosporin/m. 

The invention also provides a hydrosol comprising solid particles of a 
cyclosporin or of a dihydropyridine in a stabilized, pharmaceutically 
acceptable form, which form is suspended or is dry and re-suspendable 
in an aqueous medium. 

In order to inhibit an increase in the size of the particles of active 
agent in water, e.g. to prevent an increase in the size of the larger 
particles at the expense of the smaller particles, a stabilizer is 
preferably added, which maintains the size distribution of the active 
hydrosol particles in the dispersion constiant. 

In the case of e.g. dihydropyridines, like Darodipine, Isradipine, or 
of Proquazone, ethyl cellulose is preferably selected as the 
stabilizer, although this compound also can be substituted partially 
by gelatin, which is another, better pharmaceutically acceptable, 
stabiliser type: Of ethyl cellulose preferably a low viscosity 
variante is choosen, e.g. of 22 cps or e.g. 7 cps (centipoise) . 

In the case of cyclosporins, e.g. Cyclosporin A, a gelatin is pre- 
ferably selected, especially a modified gelatin, e.g. the plasma 
expander Gelafundin , or a gelatin of a highly purified collagen 
hydrolysate which is soluble in cold water. 

In general the weight ratio of active agent to stabiliser is conven- 
iently from about 1:1 to 1:50 and the weight ratio of active agent to 
water is conveniently from about 1:300 to 1:1500. 
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For Darodipine or Isradipine the weight ratio of active agent: ethyl 
cellulose is preferably from 1:1 to 1:4, especially 1:2.5; in the case 
of Proquazone it is preferably from 1:3 to 1:5, especially 1:4. 

For Darodipine, Isradipine or Proquazone the weight ratio of active 
substance: water is preferably from 1:400 to 1:600, and is in 
particular 1:500. 

For cyclosporins, like Cyclosporin A the weight ratio of active agent: 
gelatin is preferably from 1:5 to 1:30 and particularly from 1:10 to 
1:30 and especially 1:20 for Cyclosporin A. 

Additionally, to the stabiliser, an acid is also preferably added as a 
peptisator, e.g., succinic acid or citric acid. 

In the case of citric acid, the weight ratio of active substance: 
citric acid is preferably from 1:8 to 1:12, and is especially 
1:10. 

Also for cyclosporins, like Cyclosporin A the weight ratio of active 
agent: water is preferably from 1:800 to 1:1200, such as 1:1000. How- 
ever, a dry hydrosol, e.g. in the form of a lyophilisate may also be 
used, especially of cyclosporins, like Cyclosporin A. 

When preparing a dry hydrosol, e.g. in the form of a lyophilisate, a 
carrier is preferably added, e.g. dextrane, saccharose, glycine, 
acetose, polyvinylpyrrolidone or particularly a polyol, especially 
mannitol. Convenient weight ratios of the active agent to the carrier 
may be from about 1:20 to about 1:100. In the case of mannitol, the 
weight ratio of active substance: mannitol is preferably from 1:40 to 
1:60, especially 1:50. 

When drying,, e.g. on lyophilisation, the liquid hydrosol, the carrier 
forms a network structure, which keeps the hydrosol particles separate 
and prevents their agglomeration. 
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The invention also provides a process for the production of a hydrosol 
of a pharmacologically active agent in an intravenously applicable, 
stabilised, pharmaceutical^ acceptable form, which form is suspended 
or is dry and resuspendable in an aqueous medium. 

Such a process is known from the above mentioned UK patent specifi- 
cation No. 1,516,348. The cross-linked active agent containing 
nanoparticles, described in the citation, are prepared by dissolving 
the carrier for the nanoparticles, like gelatine or serum albumin, as 
a colloidal solution in water and submitting the carrier to a 
so-called desolvation process to form the nanoparticles. The 
desolvation can be effected by the addition of salts, e.g. Na^SO^, 
and/or by an alcohol, so that the resultant colloid particles have 
nanoparticle dimensions. Preferably their size is regulated by the 
addition of an alcohol. 

Up till this stage the active agent may be added to the colloid 
system: as an aqueous solution, if it is water soluble or as an 
organic solution, if it is difficultly soluble in water. Preferably 
the active agent is dissolved then in an alcohol, which is used for 
regulating the desolvation stage of the colloid. 

It is believed that in the prior art process the colloid nanoparticles 
formed from the carrier bind the molecules of active agent by eohae- 
sion. No solid active agent particles are formed. 

The thus formed suspension is not suitable as an injectable solution 
because it contains a alcohol and/or salt in an unacceptable con- 
centration which must be washed out. The washing would, however;:' con- 
vert the resultant colloid particles into a colloid solution again 
because the colloid nanoparticles would destabilise. Such destabili- 
sation may be avoided by cross-linking the carrier of the colloid 
nanoparticles, e.g. with an aldehyde, thereby fixing their size and 
giving stability. 
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After, cross-linking and washing the system is ready for use and, in 
lyophilisated, re-suspendable state, storable. 

According to the present invention active agent hydrosol particles may 
be prepared, which from a pharmacokinetic and a pharmacodynamic view- 
point, are as fast acting and behave like an injection solution. 

The hydrosol particles according to the invention are prepared by a 
process different from the prior art process. 

The present invention provides a process, characterised in that a 
solution in an organic solvent miscible with water of an active agent 
difficultly soluble in water is mixed with a comparatively large 
amount of water under conditions such that a colloid, insoluble in 
water, is present in the organic solvent and/or a water soluble 
colloid is present in the water thereby stabilizing the hydrosol of 
active agent to be formed, and a hydrosol of solid active substance 
particles is formed, which, if desired, is dried to a form, which is 
re-suspendable in water. 

One difference from the prior art process is that the hydrosol par- 
ticles are active agent particles and not cross-linked gelatine or 
albumine particles. Also the hydrosol particles are bound - when a 
water soluble colloid stabilizer is used - to exchangeable colloid 
molecules or - when a water insoluble colloid stabilizer is used - to 
solid -but non cross-linked - colloid particles. 

Other differences are, that the desolvation process used in the prior 
art, the removal of salts and the chemical cross-linking are 
superfluous. 

The novel hydrosol forms may particularly be prepared as follows: a 
solution of the active agent in a solvent which is miscible with 
water, e.g. in alcohol, e.g. ethanol or isopropanol, or in acetone, is 
mixed with a comparatively large amount of water, under such condi- 
tions that a hydrosol is produced. 
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Mixing preferably is effected rapidly to promote formation of the 
particles at the same time and in a narrow size distribution. 
A narrow size distribution is desirable to inhibit a re-distribution 
of the particles, taking place in the suspension with the larger . 
particles growing at the expense of smaller ones (=0stwald ripening) 
with the. result that the hydrosol would become more and more unstable. 
Rapid mixing also produces large numbers of colloidal particles. 

Permanent fixing of the particle size however is possible if the in- 
fluence of the organic solvent in which the active agent was dissolved 
is minimalised and for that reason the solvent is preferably removed. 

Removal may take place by evaporation, e.g. in a rotary evaporator. 
The hydrosol suspension, when practicall free from organic solvent, 
may be used for intravenous injection. 

However, evaporation can also be continued so that the water of the 
hydrosol is also evaporated. Preferably this is effected by lydphili- 
sation, so as to facilitate redispersibility. 

Upon complete evaporation of the water, a dry lyophilisate may be 
formed, especially with Cyclosporin A, gelatin, mannitol and acid 
additive. Such a lyophilisate is especially suitable for maintaining 
the stability of the hydrosol over a longer period. 

The lyophilisate is a starting material for the preparation of pharma- 
ceutical compositions of different types and may e.g. be redispersed 
with distilled water, leading to a suspension of hydrosol particles 
having the same size distribution as of the original hydrosol. In 
suspension form it may be intravenously administrable. The dose of 
active agent is in general of the same order as used for the same 
active agent in conventional i.v. solutions. 

The invention thus also provides the use of the hydrosol for the 
preparation of a pharmaceutical composition containing the hydrosol as 



- 12 - 



100-6988 /UK 



an active agent, as veil as : the pharmaceutical compositions containing 
such hydrosols. 

The invention also provides the corresponding pharmaceutical compo- 
sitions, for use in the treatment of diseases, e.g. of hypertension or 
Angina pectoris, if they contain the dihydropyridine hydrosols as 
active agents or for use as an immunosuppressivum or in the treatment 
of autoimmune diseases, inflammation conditions or diseases with an 
autoimmune component or of parasitic infections, using the 
pharmaceutical composition, if they contain the cyclosporin hydrosols 
as active agents. 

The invention also provide the method of treatment using the corres- 
ponding pharmaceutical compositions. 
The following examples illustrate the invention. 
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EXAMPLE 1: 

1 g of ethyl cellulose N7 (Dow Chemical) and 0.4 g of darodipine are 
dissolved in 40 ml of 94% ethanol. 

This solution is rapidly poured into 200 ml of distilled water of 20°C 
whilst stirring vigorously. 

Ethanol is evaporated off over 5 mins. under reduced pressure at 50°C 
in a rotary evaporator. 

Any coarse particles which are precipitated are separated by 
filtration (paper filter with a pore size of 5 micrometers, Schleicher 
& Schull). 

The average diameter of the particles is 0.116 micrometers. The poly- 
dispersity factor is 28%. The measurements were made on a Malvern 
Submicron Particle Analyser Type 4600 SM. 

EXAMPLE 2: 

0,2 g of Cyclosporin A are dissolved in 8 ml 94% ethanol* The solution 
is filtered through a 0.2 micrometer membrane, and is injected through 
an injection needle into a vigorously stirred solution of a tempera- 
ture of 20°C and consisting of 10.0 g of mannitol, 4.0 g of gelatin 
(Stoess) of a quality which is soluble in cold water, and 2.0 g of 
citric acid in distilled water. 

Appropriate quantities are then filled into suitable containers and 
lyophilised. 

EXEMPLE 3: 



0.8 g of ethyl cellullose (N22 Hercules) are dissolved in 29 ml of 94% 
ethanol, which contains 0.2 g of proquazone, and then poured whilst 
stirring into 100 ml of distilled water of 70°C. The ethanol is subse- 
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quently evaporated off for 5 mins. at 50°C, under reduced pressure, in 
a rotary evaporator. 

The average diameter of the particles is 0.152 micrometers and the 
polydispersi ty factor is 2. 

The measurement was carried out using the "Nanosizer" from the company 
Coulter, which has the same measuring principle as the above-mentioned 
measuring device. 

In this device, the polydispersi ty factor is a dimensionless unit of 
measurement for the extent of particle size distribution, vehreby 0 is 
mono-disperse and 9 is very large variation in particle size. 

EXAMPLE 4: 

1 g of ethyl cellulose N7 (Dow Chemical) and 0.4 g of progesterone are 
dissolved in 40 ml of 942 ethanol. 

The solution is rapidly poured into a vigorously stirred solution, 
consisting of 4.0 g of gelatin of a quality which is soluble in water, 
in 200 ml of distilled water. 

The mixture is treated further as described in Example 1. The average 
diameter of the particles is 0.245 micrometer, measured as described 
in Example 3. 

EXAMPLES 5-8; 

Example 1 is repeated with the difference, that 0.4 g of darodipine is 
sbustituted by: 



0.4 g of progesterone or 

0.4 g of dexamethasone acetate or 

0.4 g of beclomethasone dipropionate or 

0.4 g of fluocinolon acetonide 



- 15 - 



100-6988 VUK 



The average diameters of the prepared particles are: 

0. 140 micrometers 
- 0.140" 
0.145 " 
0.140 " 
respectively. 

The pblydispersity factor is 3 for all particles. 
EXAMPLE 9: 

1 g of ethyl cellulose and 0.4 g beclomethasone di propionate are dis- 
solved in 20 ml of 94% ethanolv 

The solution is rapidly poured into a vigorously stirred solution, 
consisting of 0.2 g of a collagen hydroly sate of a quality which is 
soluble in cold water, in 100 ml of water. 

The mixture is treated further as described in Example 1. The average 
particle diameter is 0.12 g mikrometer measured as described in 
Example 3. 

EXAMPLE 10; 

1 g of ethyl cellulose N7 (Dow Chemical) and 0.4 g of isradipine are 
dissolved in 40 ml of 94Z ethanol. 

The solution is rapidly poured into a vigorously stirred solution, 
consisting of 10.0 g of mannitol and 2.0 g of citric acid in 200 ml of 
a plasma f expander on gelatin basis. 

The mixture is treated further as described in Exmaple 1. The average 
particle diameter is 0.320 micrometers measured as described in 
Example 3. 
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Subsequently appropriate amounts of liquid are filled into suitable 
containers and lyophilised. 

For usage, the lyophilisates are. re-dispersed with distilled water. 
EXAMPLE 11: 

In tests using 5 anaesthetised rabbits, the hydrosol of 2 mg of 
darodipine in 1. ml of liquid as prepared according to example 1 was 
compared with a solution of 2 mg of darodipine in a mixture of 2 ml of 
ethanol and 2 ml of polyethylene glycol 400. 

Both samples were diluted with an isotonic glucose solution to a 
concentration of 100 micrograms per ml. 

The animals were given the samples in a quantity of 100 micrograms of 
active substance per kg body weight, injected over 10 minutes. 

In the tests, no significant systemic haemodynamic side-effects of the 
suspension on the average blood pressure, pulse, blood pressure in the 
heart ventricle, heart contraction pressure, heart output volume and 
total peripheral blood circulation were detected, if compared with the 
true solution. 

EXAMPLE 12; 

Infusions of 20 ml of a re-suspended lyophilisate, prepared according 
to Example 2 and containing 20,4 mg of Cyclosporin A, and of 20 ml of 
a solution containing 30 mg Cyclosporin A and polyoxyethylated castor 
oil and alcohol as solubilisers were administered to four Beagle-dogs 
in cross-over trial design. 

After both infusions the plasma concentrations of cyclosporin A were 
recorded over 48 hours. 



- 17 - 



100-6988 /UK 



For a true comparison the measured plasma values of the 20,4 mg 
Cyclosporin infusion were calculated corresponding to a 30 mg infusi 
and shown in the graph of the accompanying Fig. 1, in which the plas 
concentrations are expressed in ng/ml and the time in hours and in 
which 

is the plasma concentration of the cyclosporin hydrosol 

is the corresponding concentration of the cyclosporin 
solution. 

No significant differences in the plasma concentrations of both infi 
sion forms were found. 

The mean values of each plasma concentration series fell within the 
standard deviation ranges of the other series. 



The hydrosols preparation employed/comprised in compositions as 
defined above are, of course, themselves, pharmaceutical^ 
acceptable * 
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PATENT CLAIMS: 

1. A hydrosol of a pharmacologically active agent in an intravenous 
applicable, stabilised, pharmaceutical^ acceptable form which 
form, is suspended or is dry and re-suspendable in an aqueous 
medium, characterised in that the hydrosol comprises solid par- 
ticles of the pharmacologically active agent. 

2. A hydrosol comprising solid particles of a pharmacologically 
active agent in an intravenous applicable, stabilised pharmaceu- 
tically acceptable form, which form is suspended or is dry and 
re-suspendable in an aqueous medium, and behaves, with respect to 
its pharmacological activity, after administration as a suspen- . 
sion, just as a true injection solution. 

3. A hydrosol comprising solid particles of a cyclosporin in a 
stabilised, pharmaceutical^ acceptable form, which form is sus- 
pended or is dry and re-suspendable in an aqueous medium. 

4. A hydrosol comprising solid particles of a dihydropyridine in a 
stabilised, pharmaceutical^ acceptable form, which form is 
suspended or is dry and re-suspendable in an aqueous medium. 

5. A hydrosol according to any one of claims 1-4, wherein the active 
agent particles have an average statistical diameter of below 1 
micrometer. 

6. A hydrosol according to claim 5, wherein the active agent par- 
ticles have an average statistical diameter of below 0.5 
micrometers. 

7. A hydrosol according to any one of claims 1-6, comprising active 
agents, whose solubility in water is below 0.5 g/100 ml. 

8. A hydrosol according to any one of claims 1,2 or 4-7, wherein the 
active agent is a dihydropyridine. 
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9. A hydrosol according to claim 8 wherein the active agent is 
isradipine. 

10. A hydrosol according to any one of claims 8, wherein the active 
agent is darodipine. 

11. A hydrosol according to any one of claims 1-3 or 5-7, wherein the 
active agent is a cyelosporine. 

12. A hydrosol according to claim 11, wherein the active agent is 
Cyclosporin A. 

13. A hydrosol according to any one of claims 1-2 or 4-7, wherein the 
active agent is proquazone. 

14. A hydrosol according to any one of claims 1 to 13, comprising a 
stabiliser which maintains the size distribution of the active 
agent particles in a dispersion constant. 

15. A hydrosol according to any one of claims 1 to 14, wherein the 
stabiliser is ethyl cellulose. 

16. A hydrosol according to any one of claims 1-15, containing a 
pharmaceutically acceptable gelatin as the stabiliser. 

17. A hydrosol according to claim 15, comprising a co-precipitate of 
the active agent with the stabiliser. 

18. A hydrosol according to any one of claims 8-10 and claim 15, 
characterised in that the weight ratio of active agent: ethyl 
cellulose is from 1:1 to 1:4. 

s 

19. A hydrosol according to claim 13 and 15, characterised in that the 
weight ratio of active agent: ethyl cellulose is from 1:3 to 1:5. 



- 20 - 



100-6988 /UK 



20. A hydrosol according to any one of claims 8-10 and 13 and any one 
of claims 15, 18 or 19, in the form of a hydrosol, with a weight 
ratio of active agent: water of from 1:400 to 1:600. 

21. A hydrosol according to claim 11 or 12 with claim 16, charac- 
terised in that the weight ratio of active agent: gelatin is of 
from 1:10 to 1:30. 

22. A hydrosol according to claim 11 or 12, and any one of claims 16 
or 21, in the form of a hydrosol, with a weight ratio of active 
agent: water of from 1:800 to 1:1200. 

23. A hydrosol according to any one of claims 1-13 and any one of 
claims 14-16 and 21 in the form of a lyophilisate. 

24. A hydrosol according to any one of claims 1-23 containing a 
carrier. 

25. A hydrosol according to claim 24 with a polyol as a carrier. 

26. A hydrosol according to claim 25 with mannitol. 

27. A hydrosol according to claim 26 with a weight ratio of active 
agent: mannitol of from 1:40 to 1:60. 

28. A hydrosol according to any one of claims 14 - 16 or 21 with an 
acid additive. 

29. A hydrosol according to claim 28 with an acid additive, corres- 
ponding to a weight ratio of active agent: citric acid of from 1:8 
to 1:12. 

30. A process for the production of the hydrosol according to any one 
of claims 1 to 29, characterised in that a solution in an organic 
solvent miscible with water of an active agent difficultly soluble 
in water is mixed with a comparatively large amount of water under 
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conditions such, that a colloid, insoluble in water, is present in 
the organic solvent and/or a water soluble colloid is present in 
the water, thereby stabilizing the hydrosol of active agent to be 
formed, and a hydrosol of solid active agent particles is formed, 
which, if desired, is dried to a form, which is re-suspendable in 
water, 

31. A process according to claim 30, in which the optional drying is 
effected by lyophilisation. 

32. A process according to claim 30, in which the active agent is 
dissolved in alcohol, isopropanol or acetone. 

33. A process according to claim 30, in which after forming the active 
agent hydrosol, the organic solvent is removed from the aqueous 
medium by evaporation. 

34. A hydrosol according to any one of claims 1-29, for use in the 
preparation of a pharmaceutical composition which contains the 
hydrosol as the active ingredient. 

35. Pharmaceutical composition, containing a hydrosol according to any 
one of claims 1-29 as the active ingredient. 

36. Pharmaceutical composition, containing a hydrosol according to any 
one of claims 4 or 8-10, as the active ingredient for use in the 

~ treatment of hypertension or Angina pectoris. 

37. Pharmaceutical composition of a hydrosol according to any one of 
claims 3, 11 or 12 as the active ingredient for use as an immuno- 
suppressivum or for the treatment of autoimmune diseases, or in- 
flammation conditions or diseases having an autoimmune component 
or parasitic infections or attacks. 

38. A method for the administration of a pharmacologically active 
agent to a subject requiring, which method comprises administering 
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to said subject an effective amount of a pharmaceutical compo- 
sition of claim 35. 

39. A method for the treatment of hypertension or Angina pectoris in a 
subject in need thereof, which method comprises administering to 
said subject an effective amount of a pharmaceutical composition 
of claim 36. 

AO. A method of effecting immunosuppression or for the treatment of an 
autoimmune disease or for the treatment of inflammatory conditions 
or diseases with an autoimmune component or parasitic infections 
or attacks in a subject in need thereof, which method comprises 
administering to said subject an effective amount of a pharma- 
ceutical composition of claim 37. 

41. A pharmaceutical composition 

a) for intravenous administration or 

b) in intravenously administerable form, 

comprising a stabilized hydrosol of a pharmacologically active 
agent, said hydrosol comprising particles, 

i) which consist primarily of said active agent, 

ii) which consist essentially of said active agent, or 

iii) which comprise said active agent in non-molecular 
distribution. 

42. A stabilized hydrosol the particulate phase of which comprises 
particles 

i) which consist primarily of a cyclosporin, 

ii) which consist essentially of a cyclosporin, or 

iii) which comprise a cyclosporin in non-molecular distribution. 

43. A hydrosol comprising 
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43. A hydrosol comprising 

a) a first particulate phase, the particles of which 

i) consist primarily. of a cyclosporin, 

ii) consist essentially of a cyclosporin, or 

iii) comprise a cyclosporin in non-molecular distribution, and 

b) a second phase acting to stabilize said first hydrosol particle 



44. A hydrosol according to claim 43 wherein said second phase 
comprises a second particulate phase. 

45. A preparation obtained or obtainable by removal of the aqueous 
phase from a hydrosol as defined in any one of claims 42 to 44 
above, e.g. by freeze drying, 

46. A pharmaceutical composition comprising a hydrosol or preparation 
as defined in any one of claims 42 to 44 above. 

47. A hydrosol or preparation as defined in any one of claims 42 to 44 
above for use in the preparation of a pharmaceutical composition, 
e.g. for use in a method of immunosuppressive, anti-inf lamraatory 
or antiparasitic treatment as hereinbefore described. 

48. A pharmaceutical composition comprising a stabilized hydrosol the 
particulate phase of which 

i) consists primarily of a cyclosporin, 

ii) consists essentially of a cyclosporin, or 

iii) comprises a cyclosporin in non-molecular distribution. 

49. A pharmaceutical composition according to claim 48 wherein the 
hydrosol is stabilized by the presence in the hydrosol of a 
stabiliser phase, e.g.. in hydrosolic particulate form. 



phase. 
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